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INTRODUCTION 


A type of damage occurring in wheat stored at high levels of moisture 
and temperature has been nom in the trade as "sick" wheat, The affected 
kernels take on a dull appearance, and the germs exhibit various degrees of 
Gtecoloration from light brown to black, The germs of such kernels are non- 
viable and are usually invaded by certain molds, principally various species 
of Agvercilius (Geddes, ot al, U). ‘The fat acidity usually increases with 
"“gick" wheat deterioration, A msty odor sometimes accompanies this type 
of damage. 

At present Federal end licensed grain inspectors estimate the percentage 
of damage by visual do termination of the mumber of discolored gerns foun? in 
approximately ten grams of grain, (Cole, 9). 

Thie technique is highly empirical since the evaluation by visual 
inspection will vary from one individual to another and because it fails to 
detect the carly stages of deterioration that precede the appearance of 
sick wheat, 

The vork of Cole and Milner (10) indicates that the formation of sick 
wheat is associated with the production in germ of wheat of substances which 
are strongly fluorescent, apparently produced by a Maillard or broming 
reaction, 

Cole suggested accordingly that a quantitative method for determining 
sick wheat might be developed based on the increase in fluorescence of 
aqueous extracts of damaged grain, Although ho found a fairly good corre- 
lation between fluorescence value and the sick kernel content cf commercial 
vheat samples as evaluated by Federal and licensed grain inspectors, the 
test does not appear sufficiently sensitive for practical use, 


The reason for this appears to be that the deterioration in ite critical 
initial stages is essentially confined to the gorm which constitutes only 
from 2 to 5 percent of the entire kernel, Thus the aprearance of a n 
anomt of a fluoreseing substance in thie minor quantity of tissue would be 
diffieult to detect because it would bo strongly overshadowed by the natural 
fluorescence characteristic of the balance of the kernel, This natural 
fluorescence, aprarently the composite of several flucrescing compounds in 
Wat, varies aprreciobly among wheat samples of different origin, The data 
of Cole (9) indfeate differences of up to 10 seale units luorescence anong 
the extrnets of apparently sound vheet sauples, Small chenges could not be 
detected because one would not know vhether to attribute the observable 
fluorescence inerease to the browing products or a higher concentration of 
one of the naturally occurring substances, 

If the latter flucrescenee could be masked, quenched, or the responsible 
naturally occurring substances removed, the fluorescence due to the browning 
products might be accurately measured when present only to a slight degree, 

An alternative approach to the detection of sick wont damage might be 
in the investigation of changes in other chemical constituents of the exbryo, 
which undergo modifications prior to the development of fluerescent compounia, 


REVIEW OF THE LITERATURE 


The "sick" vheat condition, as distinct from other types of deterioration, 
had been recognized since 1921, 

Thomas (Cole, 9) observed a decrease of vheat seed viability in the 
pregenee of certain species of fungi, which he believed was related to the 
“aick" condition, Thomas made germination tests on wheat after treating the 
Seed with filtrates of pure cultures of 13 species and strains of nende which 


are commonly found in grain, While all the filtrates lowered the germination 
somevhat, Agnercilius flavus hed a very pronounced toxic effect. He ap- 
parently paid no attention to the characterietic discoloration of the germ 
in sick wheat and concluded that sick wheat was grain which had lost ite 
viability due to toxic products elaborated by molds, 

Milner et al (23) found differences in the kind of mleroflora and their 
percentage distribution on samples of commercial sick wheat compared to sound 
wheat, Sick or gorm-—damaged wheat samples showed very low germination values 
and were found to be infected principally with Aspergillus glaucus, Pen- 
un and Aspergillus candidus, In contrast, sound wheat samples from the 
sem lots of grain vere largely contaminated with Alternaria which disappeared 
when stored under moisture conditions favorable to the proliferation of the 
Agpergilli, Sick kernels were produced by storing wheat containing 19 percent 
moisture under atmospheres of carbon dioxide, nitrogen and oxygen, in sealed 
containers, Only under oxygen did molds proliferate, whereas sick kernels 
developed under all three atmospheres, 

The deteriorative effect of mold growth is manifested principally in 
lipolytic activity and appears to be additive to other deteriorative processes 
responsible for "sick" wheat, 

Swanson, (30) in studying the role of moisture, time and temperature in 
stored wheat had found, similarly, that inhibiting mold growth did not prevent 
sick wheat deterioration as measured by the baking test, Among the chemical 
changes observed in sick wheat were increases in fat acidity, which ean be 
measured by the amount of standard alkali necessary for neutralisation of 
fat extracts, : 
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The development of fat acidity or rancidity is hovever, related to air 
supply. In the entire exclusion of air this will not develop. Hence the 
conditions vhich favor the develoment of mold grovth and fat acidity are 
closely related, but absence of high acidity 1s not proof of lack of damage, 
(30, A). ee a 
Carter and Young (7) also produced sick vhost in tho absence of nalda, 
Wheat containing 12,2 percent moisture stored at 40% developed sick vheat 
symptoms when stored 279 days or longer, but not when stored at a lower 
temperature, A u percentage of sick wheat was produced in 32 days in 
wheat containing 18,6 percent moisture when stored at , and up to 100 pen 
cont sick kernels when stored at higher temperatures and for longer periods 
of time (8), 

Cole and Milner (10) have shown in recent work that the Light absorption 
spectrum of extracts of normal wheat was characterized by a peak at 270 m 
and an inflection et 325 m, both of which inereased slightly when the gra in 
became gorm-damaged, The damaged wheat extract also showed a marked inerease 
in fluorescence over that of the sound vheat extract, 

The dark pigment in the gern of the sick wheat and in the browned gern 
of laboratory storage appears to be responsible for the increase in light 
absorption and fluorescence, It is suggested that this pignent is the product 
of a gugar-amino and/or protein condensation, better know as the Mefllard or 
browming phenomenon. 

Another general characteristic of Maillard condensation products, which 
Cole observed in his oxtracts of browmed germ, was that the brown pignents 
could be strongly absorbed by such materials as magnesium oxide, Supereel, 
setivated alunina, end Nori (Fuller's earth proparation), 


5 


The work of MeDonald (22) lends considerate additional support to the 
theory of a browning reaction between reducing sugars and nitrogenous compounds 
as postulated by Cole and Milner (10), In storage experiuents designed to 
do terme which of the three major conotituents of wheat germ, augar (princi-~ 
pally sucrose and raffinose), protein, and of], might be involved in the 
darkening of gern, McDonald found thet extraction of water soluble substancea, 
primarily sugars, greatly inhibited the development of browing upon prolonged 
storage at high mmidities, Ether extrection of the ole did not prevent 
the usual development of darkening at auch high Immidities, This indicated 
that sugars are involved in the characteristic browming reaction whereas the 
ofis are not. This worker observed, furthernore, that the vheat gern proteins 
became decreasingly peptiaable in potassium sulfate solution as broming 
increased, MeDonald suggested that in the course of the browning reaction 
the protein may have been denatured, hydrolyzed, or combined with other 
compounds to form non=peptieable nitrogen containing compounds, 

The chenistry ef browning reactions has been thoroughly reviewed by 
Hodge (13), Hodge and Rist (14), and by MeDonald (22) in relation to the 
sick wheat condition, 

Three broad types of browning reactions are recognised in food technology. 
The most common type, carbonyl-amino reactions, includes the reactions of 
aldehydes, ketones, and reducing sugars with amines, amino acids, peptides 
and proteins, 

Another type, called cararelisation, cocurs when polyhydroxycerbonyl 
compounds (sugars, polyhytroxycarboxylic acids) are heated to relatively 
high temperature in the absonce of anino compounds, This type of browning 
charncteristically requires nore energy to got started than the carbonyl- 


amino reactions, other conditions being equal. 

Neither carbonyl-actine nor caramelisetion reactions are dependent upen 
the presence of oxygen to produce browning. 
| A Wurd type of broming frequently encountered by the food processor 
4s tho group of oxidative reactions, which, for instance, convert ascorbic 
acid and polyphenols inte di-or polyrarbonyl compounds, Those oxidations 
may or may not be enuyme-eatalysed, (14) 3 

Increased attention has been given the Maillard reaction in recent years 
Since it hae been established without doubt that auch changes are often 
commected with considerable lowring of the nutrient effect, 

Mufel and Ivainsky (A), fn a critical study of the Maillant reaction 
in model systems, observed that the individual participants in the reaction 
underwent relatively alight changes in concentration after prolonged heating. 
During heat treatment of mixed model systems containing glucose and amino 
acids, a strong decline in the concentration of both reactants, accompanied 
by rapid coloring, was measured, 

This type of change, resulting in an evident decrease in the nutrient 
effect, has beer found to occur in various stored foods and food products, 
mech an dried milk, dried egg, dried meat, dried and canned fruit (Hewston, 
et al, 12) and different grain products, It is generally related to adverse 
conditions of temperature; moisture and length of storage, Feeding of heated 
foods to experimental aninals shoved amino acid deficiencies, The foreign: 
brown materials, though non-toxic, were ol Ana ted and not utilised by the 
body, (31) 

An example of this type of change and ite relation to time and temperature 
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of storage in a natural system was the work of Hodson on camed, evaporated 
milk, stored for varying lengths of time and at different temperature levels, 
At 4% there vere no losses of amino acids following two years of storage. 
At 38°C there vere measurable losses of tryptophan, lysine, histidine and 
arginine efter one war of storage, After two years, the losses vere largo, 
being tryptophan 12 percent, lysine 29 persent, histidine 29 percent and 
arginine 28 percent, There were also important deteriorative changes in 
appearance and palatibility after long storage at 38% (iodeon, 13). 

Exposure to heat and moisture deepened the color of soybean moal in a 
regular manner (Beckel, ot al, 5). This change occurred sim tancously with 
the denaturation of protein which could be measured by a progressive insolu- 
bility in water and dilute salt solutions, The authora, Deckel, Bull and 
Hopper, made the interesting observation that exposure to heat and moisture 
Geepened the color of the moal in a regular manner, and that this change 
occurred simi taneously with the denaturation of the protein (5), Although 
this darkening may not te the direct result of protein denaturation, it would 
be due to interaction between protein and carbohydrate, 

The data of Beckel et al indicate that a critical temperature probably 
existe at each relative Inmidity below which very little denaturation takes 
place, tut above which insolubilisation is rapid (Markley, A). 

Tt has been show that whon wat and ite milling products are stored, 
marked changes occur in the properties of the proteins (17, 18), The changes 
inelude (1) decrease in the solubility of the proteins in various dispersing 
acenta, euch as neutral salt solutions and alcohol; (2) proteolysis, or 
breaking down of the native proteins into entities of Wall r molecular 
dimensionss and (3) decrease in digestibility when treated with pepsin and 


trypsin in vitro, The extent of the changes depend on tenporature, type of 
container, and on whether the whole kernels or their milling products are 
stored (Jonos and Gersdorff, 18). Temperature uns a most imrortant factor, 
The decrease in solubility at 76°F was more than double that at 30°F in the 
game time interval, Jones, et al (17-18) noted that protein denaturation 
vas most rapid during the early periods of storage, The changes that 
occurred during the first month of storage vere in some instances as much 
as three-fourths of those found at the end of 24 months. ‘There wore no 
Signs of mold invasion or ony other type of damage in the grain, 


THS PROBLEM 


The over-all purpose of tho present research was to find an analytical 
nothod capable of accurately detecting the degree of damage in a sample of | 
"sick" vheats particularly in its critical initial stages, 

4 first approach was to investigate the use of adsorbents to separate 
the products of deterioration associated with the browning of wheat germ from 
naturally fluorescing substances in wheat and thus increase the sensitivity 
of the fluorometric technique developed by Cole (9). 

Another alternative was the detection of some physical, structural or 
Chemical change vhich necessarily precedes the formation of the browning 
product, the decree of which might constitute a measure of "sick" wheat 
deterioration, Protein denaturation, an evidenced by progressive protein 
inaclubiligation, was investigated as a sensitive index of ineipient deteri~ 
oration, 


mill at Kansas State College, Unprocessed granular viwat germ was supplied 
by General Mille Inc,, Minneapolis, Minnesota. A few samples of comercial 
vhoat having varying degrees of germ damage, were acquired from the Federal 
Grain Inspection Office, Kansas City, Missourt. 

For the study of changes in peptisable protein with temperature, tine 
and moisture contact during storage, six aan o of sound wheat of the 1954 
Kansas crop wore selected, 

These sound wheats vere characterised as follows: 


Varie Source fest Weight Moisture 

2 bes (iu. 650 
64 Ponca Manhattan 61.6 £420 
02 Concho Manhattan 62.6 8. 26 
0 Ponca Hutchingon 61,0 8.2 
0 Concho ku toh inan 63.0 8.41 
n Ponca Fort Hays 38.7 8.47 
6.40 Concho Fort Hays 38.3 8.23 


The following adeorbonta were investigated: 

Florigil, 200 noch, a Fuller's earth preparation, obtained through 
courtesy of the Floridin Company, Tallahassee, Florida. 

Lloyd Reagent, a fora of hydrated aluminum ailicate, Fisher Sefontifie 
Company. 

Taco Adgorbol K- 400 

Toco AA bg A-{20 

Supercell, John's Mamsville Product 

Norite, and about 12 others, vhich vere only tried once, and having 
been found ineffective under this particular got of conditions, were not 
employed again, 


The intermediate Wiley mill with a No, 30 screen was utilized for 
grinding the eamplos, 

Fluorescence measuresents wre made with tho Coleman Electron Photo- 
fluoromoter with Vitamin B,-S and N- filters trananitting at 345 mn. 
Sodium Fluorescein (0,1 p.p.m.) was used to standardize this instrument, 
the dial being set at 50 vith this solution, 

Percent transmittancy measurements were carried out with the Coleman 
Universal Spectrophotometer at a wive length of 530 nu. 

The Macbeth pfl meter was utilized for pH measurements, 


METHODS 
Moisture Determinations 
When the moisture content was less than 14 percent, the one-hour air 
oven mothod, as outlined in Association of Official Agricultural Chemists 
(A.0,.A.0.), page 192, was followed. (3) For samples which had been conditioned 


to moisture levels above 14 percent, a standard two-stage method, described 
in Cereal Lab, Methods, page 6, ws adopted, (2) 


Preparation of Germ Samples Representing Progressive 
. Browning 


Wheat gorm samples representing progressive stages of browing were 
prepared by heating moistened germ in cho oven at 50% for various tine 
intervals, Conditioning of germ to various moisture levels did not invo}ve 
the simple addition of water to germ since the material would lump, In order 
to obtain a uniform distribution of moisture the water must be applied as a 
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fine spray while the germ is in motion, ‘The procedure of McDonald was used 
as follows: (22). 

200 g of sound germ (9.6 percent moisture) were brought to a 20 percent 
moisture content by slowly dropping 30 ec distilled wter from a burette 
into a can containing the mterial, While it was being rapidly stirred by 
means of an electrical stirring device, Stirring was contimed until all 
lumps had been broken up. Four fractions representing increasingly advanced 
atages of browming vere prepared: The first fraction of apprarimately 30 g 
not subjected to oven heating, was placed into a sealed container and stored 
in the refrigerator. The rest of the wetted gorm ws placed in a sealed 
Evlenmeyer flask and processed in an air oven at 00. Portions of approximately 
50 g were withdraw after 8, 24 and 46 hour processing intervals and stored 
in the same mamer an the first fraction, Ths a series of four samples 
representing progressive stages of browing was obtained under controlled 
conditions of time, temperature and moisture, with the first fraction serving 
as a control or Mark, since it had not been subjected to heating, 

Molature, fluorescence, adsorption and turbidity deterxinations wore 
made on each of these four fractions, The moisture had to be determined 
following storage at oven temperatures to verify if there had been changes 
in the moisture content of any one or all of tho fractions after tempering, 
Since browning is also related to moisture content a variation of only 1 to 
2 porcent would already significantly affect the rete at which browning 
developed and in the preparation of thie series the moisture factor had to 
be kept constant in the four fractions in order to be sure thet the extent of 
any change was a fimetion solely of heating time at a constant texperature, 
compared to the first fraction or control, 
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Wheat camps wore conditioned to moisture lis of 14, 16, 20 and 
22 percent by adding the ealewlated amt of distilled wter to tho weighed 
grain, mixing it thoroughly at hourly intervals and letting 1t stand over- 
night, Samples representing progressive stages of browning were obtained 
by storing the tonpored vhost samples in their sealed containers at different 
temperatures and for various tine intervals, Following storage in the oven 
at elevated moisture contents the samples vere dried to a uniform moisture 
content and ground to pass through a lo, 30 sieve for all subsequent deter- 
nations, 

Several storage experiments with intaet kernels were conducted. Five 
series representing increasingly advanced stages of browming as a fmetion of 
heating time were obtained using five samples of sound wheats of different 
origins, tempered to a moisture content of 22 percent, A portion of each 
sanple was withdrawn before storage at oven texperatures and the rest of the 
five samples were stored in the afr oven at 65%, Subsequent portions were 
withdrawn at 24 hour intervals, the last one after 120 hours, m another 
storage experiment designed to indicate the sensitivity of the turbidity 
method for detecting early changes during storage, as compared to the flucro« 
no trie procedure, one wheat variety, conditioned to a moisture content of 
22 percent was stored in the oven at 65°. Samples wore withirawm after the 
first hour and two-hour intervals up to 11 hours, In a thind storage experinent, 
one variety (8,26 percent moisture) vas tempered to nolsture levels of 14, 16, 
18, 20 and 22 percent, At each of these moisture levels the early effect of 
storage at tenperatures of 100%, 65%, 50% ard 30% was observed and the 


tine interval waa recorded when changes at each temporature am moisture 
first became evident, 


Measurenent of Fluorescence 


For the analysis of fluorescence essentially the procedure of Cole ws 
followed: The sample size varied from 5,000 g for flour samples to 2,000 g 
for ground samples of vhole wheat, degorminated wont, sectioned gom-cantaining 
ends and granular vheat garn, Tho sanuples were extracted for 45 minutes with 
15 ml, 0.2 N HCL, The mixture was separated in 15 ml. contrifuge tubes by 
centrifuging at 15°O rpm for five mimtes, The extracts were filtered and 
Clerified by shaking vigorously 60-00 times) with 5 ml. chloroform, A second 
fifteen mimite centrifugation ensued, The desired mmber of milliliters of 
the clear upper layer was pipotted off, transferred to a volumetric Mask 
and diluted to volune, 


Measurement of Adsorption 


For adsorption studies, the clarified and diluted extract from fluorescence 
deterninations was divided inte aliquots, A weighed amount of adsorbent (1 f. 
25 wih, for flour and 4 f. / 30 ml. for wheat moa) and grenular wheat gor) ws 
added to each aliquot and mixed well, The adsorbent was allowed to act for 
1} hours and was then filtered off, The adsorption was evaluated as the 
@ifference in fluorescence readings between the aliquot not subjected to troat- 
rent with adsorbent and that of the filtrate af tor the adsorbent had been 
ud to act, 


Turbidity Method 


A turbidity mothed ves dewleped in the course of this work to follow 
the changes in peptisable protein concurrent with storage at varying moistures 
and temperatures, The detailed procedure will bo described under Experimental, 


EAPERIMENTAL 


The experimental studies, aimed at developing a sensitive measurement of 
"sick" wheat deterioration, were divided into two areas of work: (1) A study 
of the use of adsorbents to separate the fluorescing products developed as a 
result of a Maillard reaction from naturally fluoreseing pignents in wheat; 
(1) Development of a turbidity mothod as a criterion of protein solubility 
changes apparently related to "sick" wheat deterioration « and its corre — 
lation with the characteristic increase in fluorescence found in progressive 
browming of wheat, 

Use of Adsorbenta to Separate the Products of 
Deterioration Associated with "Siek" Wheat 

Leet. of Adsorbents on Flour 2 Co: mg. With the idea of 
finding an adsorbent which would selectively remove the naturally fluorescing 
mibstances in wont, a qualitative study was carried out of the effect of a 
mmber of different adsorbents on unbleached flour, ‘The latter material was 
chosen because it would be representative of the fluorescing mterials in the 
endosperm of sound wheat, 

Tor the first trial, one ml, of tho 15 M. = 5 g. extract was diluted to 
100 ml, for fluorescence neasuronenta, At this dilution the amount of fluoreacing 
Material was too slight to study the possible decrease in the fluorescence due 
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to the effect of adsorbents. The dilution was therefore decreased to the 
ratios of 1 ml. to 25 ml. and 2 ml. to 2% ml. The results obtained with 
several adsorbents are shown in Table 1, 


Table 1, Effect of Adsorbents on the Fluorescence of Flour Extracts 


‘ Eluoregvence (scale unite) 
Treatment a Dilution : Change : Dilution : Change 
1 1325 t 1 2325 : 
None 10 — a — 
Florisil 7 3 7 14 
Supor cel 10 0 13 8 
Taco Adgorbol 5~100 2 8 3 is 
Taco Adgorbol A-420 3 3 8 13 
Lloyd Reagent 0 10 9 a 
Norite 0 10 0 a 


Table 1 indicates that a one ml, portion of à 15 M. 0. 2 U i extract 
ot a 5 g. anne of unbloached flour, diluted to 25 m. with 0,2 M WI, would 
give a fluorescence of 10 scale units, A 2nil, extract, at the same dilution, 
would give a reading of 21; or approximately 10 scale units increase for 
each milliliter of flour extract, Therefore, if following treatment with an 
adsorbent the fluorescence reading diminished to sero, 1t would indicate 
complete removal of the fluorescence in flour extracts by the adsortent, 
Accordingly, Lloyd Reagent and ford to canpletely removed the fluorescent 
materials in unbleached flour, Taco Adsorbo]. 1-100 showed strong adsorption, 
Taco Adsorbol A420 yielded definite adsorption, Florisil and Supercell. 
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indicated partial adsorption on the 2 ml, flour extracts, The effect of the 
two latter adaorbents on the 1 al, extracts was insignificant, 

It is inferred, from Tate 1, that adsorption will incroage with con- 
centration of the extracts, An adsorbent with no effect on « gall anount 
of fluoreseing material, may remove part of it when the same material is 
present at higher concentrations, The next step us to investigate the action 
of these adsorbents on a "sick" wheat extract and on a mixed "sick" wheat 
Plus flour, extract. 


Tt seamed possibile to determine the utility of the adsorbents previously 
stadied to differentiate between the fluorescence of "sick" wheat and that 
of endosperm of undamaged vheat, for the following reason: 

Results up to this point indicated that a one nl, portion of a 15 M. 
0.2 3 WI extract of a 5 g. sample of unbleached flour, diluted to 25 ml, 
with 0.2 u Wi, would give a fluorescence reading of 10, It was assumed that 
of the total fluorescence reading of a strongly fluorescing "sick" wheat 
extract, similarly obtained and diluted, 10 come units would likewise be 
due to fluorescing substances other than the “sick” wheat products, Thue 
if treatment with IA od Reagent, Norite and/or Isco Adsorbol reduced the 
fluorescence significantly more than 10 for the “sick* wheat extract and more 
then 21 (Table 1) for the mixture of flour plus “sick” wheat extract, it 
would mean that the fluorescing materials associated with "sick" vheat had 
boon partially or totally removed, ; 

Florisil and Supercell appeared particularly interesting in this regard 
because of their insignificant effect on the fluorescence of the endosperm, 
Any fluorescence-diminishing effect by these adsorbents on an equivalent 
Sample containing "sick" wheat extract, might therefore be considered du 
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to selective adsorption of the fluorescent products of “sick” wheat. 
Following the conditions of equivalence as specified above, fluorescence 
measurements indleating the effect of adsorbents were made on: 
(a) Mixture of "sick" vheat extract plus flour extract; 
(b) The "sick" vheat extract alone; 
(c) The flour extract measurements of Table 1, inserted for comparison. 
mam te are recorded in Table 2, 
From Table 2 it appears that approximately 30 scale units of fluorescence- 
a value arrived at by subtracting the fluorescence reading of flour from that 
of "sick" vheat, or by subtracting from the mixture of extracts the value of 
2 0, corresponding to a 2 ml, flour extract - could be considered as due to 
the browning products of "sick" wheat, With this criterion, to fulfill 
conditions of complete and selective removal of the fluorescence due to "sick" 
wheat products, an adsorbent would have to (1) Give the sane adsorption value, 
approximately 50, for both the mixture of “aick" vheat plus flour extracts 
and the "sick" wheat extract alone; (2) Give an adsorption approaching sero 
(0) for the flour extract alone, To fulfill conditions d complete and 
selective removal of the natural fluorescence stemming mainly from the endo- 
Sperm of undamaged wheat, an adsorbent would have to give an edsorption of 10 
for the flour extract and approximately 20 and 10 for the mixture of flour plus 
"sick" vheat extracts, and "sick" wheat alone, respectively, 
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Table Effect of Adsorbents on Mixtures of Bxtracts of Unbleached Flour 
8 and "Sick" Wheat, on Extracts of "Sick"Wheat alone and on Extracts 
of Flour Alone. 


Fluorescence ( soste untte ) 


of "sick" 1 he 
— 2 : 
2 
Treatment 5 n , oe een : Change 


None 7 60 10 

Plorisil 1* ~52 17 “43 7 2 
„ , 
Lloyd Reagent 9 — 4 56 9 “10 
Hor to 270 0 £0 0 10 
Supercell 63 -7 2 —9 10 0 


Hone of the adsorbents studied removed the fluorescence of flour without 
also removing that associated with "sick" wheat, Nord te indiscrininately 
adsorbed both pigments, per, following a series of tests, ves found 
to adsorb slightly the naturally occurring fluoreseing materials in wheat. 
Taco Adsorbel N- 400 gave the same adsorption velue of 48 for both the "sick" 
wheat alone and the mixture of extracts, lowever, it had also yielded strong 
adsorption when used with flour alone, Lloyd Reagent showed similar effects, 
Moria appeared most promising in providing an insignificant adsorption 
value for the flour extract and high values for the mixture of "sick" wheat 
plus flour and "sick" wheat alone, extracts, lover, since adsorption was 
greater for tho mixed "sick" wheat and flour extracts then for the "sick" wheat 
extract alone, vhereas they should have been the same, the possibility that 


fluorescing materials of the endosperm had also been adsorbed could not be ruled 
out. 
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a Mag he Ad one ‘Since the value for 
adsorption vas arrived at by taking to fluorescence readings, it is obvious 
that any foreign natter or change affecting tho fluorescence reading, would 
result in an erroneous estimation of the adsorption. For instance, if follow 
ing treatment with an adsorbent the pli of the filtrate had decreased, this 
would very Likely result in a lowered fluorescence reading, giving a high 
adsorption value, The contrary would occur if the pil had increased, Another 
source of error would be the contribution of fluorescence by the adsorbent. 
Both of these possibilities were investigated, 

4 check on posaibile pil changes after addition and filtration of the 
adsorbents revealed that for Lloyd Reagent and Taco Adsorbol MACO these 
changes remained within 0,1 of a pl units; for Mortal and Norite, within 
0.2 and 0,3 of @ pH unit, respectively, It was observed that, everything 
ane remaining equal, a 0.1 to 0,2 change in pil may change the fluorescence 
reading up to 2 scale units, 

A Blank detormination vas run on those adsorbents which appeared promising, 
to investigate whether the fluorescence reading of the extraction medium ws 
changed. Data obtained are recorded on Table 3. 
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Table 3. Effect of Adaorbents on Fluorescence of Urtractiion Medium: 0.2 
* WI Solution. 


oe 
; zdsorbont Fluorescence ( seale units ) 


10 
14 
TSO Adsorbol N~100 10 
10 
10 
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This indieated that Horden contrilated some fluorescing materiale to 
the solvent, 

Studies up to this point revealed that, in goneral, the fluorescing 
products asaceiated with "sick" wheat were more readily adeorbed than the 
compounds regponsible for the fluorescence of the endosperm, It had not 
deen possitile to estelilish the utility of any one of the adsorbents to 
differentiate betwoen the two sources of fluorescence; mainly because tho 
exact smount of fluorescence due to browning could not be determined ind 
pendently of the fluormscence of naturally fluorescing materials in eat. 
The fluorescence due to the “sick” wheat products could only te estimated by 
mubtracting from the total fluorescence reading the reading for an equivalent 
sample of endosperm of undamged wheat (or flour), 

The question arose as do beter the {lvorescence reading for endospern 
milled inte fluor might not differ from that of an equivalent sample of sound 
whole wheat meal, Furthermore, it had been observed that there is a variation 
of up to 10 Scale units in the fluorescence of different wheat samples (9) and 
in semples taken from one lot at different moisture levela, These samples 
were Considered representatives of sound wheat, 

For these tuo reasons it vas necessary to start cut with a sample 
Considered sound, This would furnish a measurement of the background uo 
reseence, 4 portion of the starting material would be stored and tho rest 
would be separated into portions showing varying degrees of browning, 
Fluorescents measurements would be made on all these portions according to the 
procedure desctibed under METHODS, By subtracting the fluorescence value of 
the starting material fron that of the portions showing varying degrees of 
browning, the exact amount of fluorescence due to the browning products in each 
portion would te know, ‘The utility of the adsorbents to differentiate bo- 
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tweon the fluoresconce due to browning and the background fluerescence could 
be determined by allowing these to act on the initial sound portion end those 
having undergone varying degrees of browning, 

The starting material 
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for this procedure was fresh granular wheat gern. 

First, a qualitative study was made of several adsorbents on sound and 
browied germ to observe, in a qualitative manner, which adsorbents would have 
am effect on either the ne bural background fluorescence or the fluorescence 
associated with browning, in the germ. Tt was interesting to observe that, 
vhereas Taco Adsorbol N-100 and Led Reagent had considerably decreased tho 
fluorescence of the endospern extracts, their effect on extracts of sound 
gem was almost nil, Florisil, likewise, appeared to have no effect on 
extracts of sound gem, while showing very strong adsorption on extracts of 
browned germ, Unfortunately, the reproducibility of results for this adsorbent 
was poor, The action of Supercel] on extracts of sound and browned germ was 
exactly as previously observed for extracts of flour and “sick” wheat, ise., 
there wag no indication of significant adsorption, Norite completely removed 
the pignents responsible for fluorescence in sound and brown germ extracts, 

The results of adsorption studies on a series of four germ samples, 
processed in an air oven at 50% for 0, 6, 24, and 48 hours, Wich had previ~ 
ously been conditioned to a moisture content of 20 percent, are recorded in 
Table 4. 

Data in Table 4 indicate that browzing progressed only slightly in the 
first eight hours, according to fluorescence measuremnts, It bad increased 
greatly after 24 hours, doubling the initial fluorescence and became about 
four times as high after 46 hours, 


Table 4, ‘Increase in Fluorescence of Germ with Heating Tine and Effect of 
Adsorbents, 
rr K nee eens ann corer ad 


Adsorbant |  Fluorescones (ende Unite) f at various hosting tine 
,__intervale (hours) 

None 16.3 18,0 32,0 64.3 

Teco Adworbol. 4-420 17.5 17,0 19,0 23.5 

1000 Adgortbo} 1-400 13,0 13.0 13.3 19.0 

Lloyd Reagent 16.0 16.3 18.3 19,5 


All three adsorbents changed only slightly the fluorescence of the un- 
heated gamle, vhile effecting a strong reduction of the fluorescence of the 
samples which had undergone heating. Toco Adsorbol =100 and Lloyd Reagent 
appeared promising as regards their use in a quantitative determination since 
(1) the fluorescence of the sound (unheated) fraction had remained relatively 
unchanged following the use of these adsorbents; (2) the fluorescence of the 
three fractions subjected to progreasive browning was proportionally reduced 
to a value approaching the fluorescence of the sound (unheated) fraction, 
Such observations suggested that Taco Adgorbol N~100 and Lloyd Reagent might 
effect selective removal of the fluorescing browing products, developed with 
processing time at 50°C; le not adsorbing the compounds responsible for the 
normal natural background fluorescence of sound wheat germ, Subsequent studies 
showed that this ws not tra. Although complete removal of the fluorescing 
browning products could be effected, such separation uns not selective, It 
became later evident that considerable fluoreseence was contributed by these 
two adsorbents, which varied with the volume and normality of the extrmetion 
modi, Since the amount of fluorescence contrilmted by these adsorbents was 
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approximately the sane as the natural background fluorescence of germ, this 
led to the erroneous interpretation, at this point, that no adsorption of the 
Compounds responsible for the natural background fluorescence had taken place. 
That this was not true became evident when the flucrescence of Idoyd Reagent 
and Taco Adsorbol N~100 was reduced by successive extraction with 0,2 N HC1, 
When the adsortents, thus purified, wore allowed to act on the extracts of 
either sound or browned wheat gem, the fluorescence vas reduced to zero, 
This in@ieated that the fluoreseing products asscelated with broming, as 
well as those constituting the natural background fluoreseence of sound wheat 
germ, had beon indiscriminately edsorted, No quantitative separation of either 
of these groups of products was possible, 
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Products of Wheat Gems. Tt had been observed, when adsorption studies wore 
begun, that the effect of Florisil on extracts of flour was wery slight; 
whereas strong adsorption followed the action of Noris on extracts of "sick" 
wheat or browed gorm, Experimentation with this adsorbent had been abandoned 
because of poor precision, The possibility of increasing the reproducibility 
of results and of effecting a quantitative separation by the use of adsorption 
Colums was now investignted, 

The method of preparing adsorption columns vas as follows, A glass 
Colum, aprroximetely 11 inches by 0,5 inches was packed with Noris. 
Suction was applied at the bottom using a thick walled suction flask, a trap 
and an aspirator opened to full Mast giving waxizam auction, The Florisil 
ohn was first freed of all interfering fluorescing matter by successive 
washings with 0. 2 8 a. (0,2 N Wi was also the extraction mediun for the 
wheat germ extracts to be passed through the ealum, ‘This precluded the 
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possibility of further release of column impurities due to a change in solvent), 
Irmediately thereafter, vhile the ou was still vet, the extract of sound 
germ or of germ showing varying degrees of browning, from flucresconce da torni- 
nations vas passed through at @ nl, increments, Tt was obsorved thet the 
first, second, and occasionally, third inerements, filtered through the 
Colum and caught in the cuvette, vere still partially diluted with the 
solvent previously passed through the column. The results recorded in Table 5 
are a summary of fluorescence measurements of the fourth 6 ml. increments 
Passed through the ochum. 

The reduction in the fluorescence following passage through a Florist] 
adsorption oo was measured on four samples representing progressive 
browning and on one sample which was considered sound, 

Data in Table 5 indicate definitely that some separation of fluorescent 
neterials ccours during passage through the coluwm, Although extracts varying 
over a wide fluorescence range (50 scale units) were poured through tho 
Colum, the fluorescence of the emerging solutions varied over a very narrow 
range (1. 3 s, units), Tt appeared that the pigments constituting the 
natural background fluorescence of wheat gorm were eluted with the solvent, 
whereas the fluorescing products developed as a result af the brow ing vere 
adsorbed, However, the fluorescence measurement alone can not be considered 
mfficiont evidence of solective adsorption, The fluorescence test, indicative 
of varying degrees of browning, is restricted to a narrow range, ‘This makes 
precision al] the more important and tho rem te recorded in Table 5, which 
are averages of several determinations on the sane saxrles, should have agreed 
more closely since the samples representing progressive browning hed been 
prepared from the same original starting material, 
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Table 3. Reduction in the Fluorescence of e 
Browning, ee 


Aside from the limitetions of the fluorescence test, there are several 
other factors which vould diseourage the use of Floriail in à quantitative 
evaluation of "sick" wheat deterioration. Some of these factors observed in 
the course of these studies vere that the amount and type of flucrescing 
materials adsorbed appeared to vary with the rate of flow of solvent. When 
tho solvent was in contact with the column for a longer time, 1.0., when 
suction was interrupted, part of the browning reaction began to appear in the 
emerging solution, giving high fluorescence readings. Another disadvantage 
was tho extreme slowness of the process, 

Floriail hed been used to adnorb riboflavin, Rubin and Ritter (2S), 
stated that adsorption wes influenced by volune, clarity and concentration of 
the extracts, Sometimes only partial adsorption oceurred, depending on 
whether riboflavin vas in a "free" or combined state, Since there wa also 
a variation between different lots of Florisil, the authors recomended 
avoiding the use of Norte in quantitative determinations unless it is 
Clearly established that ro losses are incurred for the particular type of 
ae 

The fact thet Florisil adsorbed riboflavin to a more cr loss oxtent 
seomed to limit the chances of obtaining a selective, quantitative separation 
of the browing reaction products, which could be measured flucronotrically, 


aside from other, at present, uncontrollable factors, 

Sone of these adsortents, particularly Hort ati, may prove valuable in 
a qualitative analysis and possible identification of some of the compounds 
formed in the course of the browning reaction in wheat, 

Turbidity Method to Follow Changes in Wheat Protein Solubility 

as Affected by Moisture, Temperature and Processing Time 

Since adsorption did not increase the sensitivity of the fluorometric 
measurement, and the latter apparently does not detect early changes pro- 
ceding the brow pignentation in the germ ond of the kernel, another 
independent method was sought to follow the chemieal changes in vheat 
rolatod to the “sick"condition, MoDonald hed found a desrease in peptisshie 
protein during the browning of wheat germ (MeDonald, 22), dotectatile by 
changes in turbidity of extrects, Similar decreases in dispersibiiity ty 
water and Gilute salt solutions had been observed as one of the earliest 
and most marked change when soybean products vere stored above a certain 
critical temperature (Beckel, ot al, 5). 

Develoment of the Method. The turbidity mothod investignted 19 based 
on the Zeleny (33) photometric method for determining the protein content 
of vhost flour and involves first the extraction of the non-gluten proteins, 
principally altumins and glotulins, in 5 percent potassium sulphate solution, 
By adding 10 ml. aliquots of the peptised protein to buffers of various pil's, 
a colloidal suspension (sol) of optimum turbidity and stability was formed 
at pil 3.4. A buffer of pil 2.7 mas used, obtained by mixing aporaxiontely 3 
parte 0,1 N 1 to 1 part 0,1 U sodium citrate, This buffer, when used in 
the proportion of 1 ml, buffer to 10 ml, peptised protein, was found to control 
the pH in the desired region of 3.4, within 0,05 of a pil unit for different 
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samples and duplicates, The turbidity of suspensions so prepared is determined 
by reading the pereent trangnittancy, using the Coleman spectrophotonster. 
The sample gise was arbitrarily fixed at 2,000 g. because 1t was found that 
with this sample sise the widest possible range of differentiation in per 
cent trangittancy readings could be obtained with samples withdraw at 24 
hour proceasing intervals, 

The detailed procedure developed and used for determining the changos 
in peptizable protein during processing, was as follows: A 2,090 g. sample 
of wheat whieh had been ground to pass through a number 30 screen was shaken 
intermittently for fifteen minutes with 30 ml, 5 percent potassium sulphate 
in a 250 mil, glase-stoppered Erlenmeyer flask, The mixture ws filtered 
through a number four Whatman filter paper and 10 ml, of the filtrate vere 
pipetted into a Coleman spectrophotometer tube containing 1 ml. of hydro- 
chlorie acid - sodium citrate buffer (pil 1.7), The resulting turbid suspension 
was allowed to stand for 35 minutes, The percent tranexittancy wa then 
road on a Coleman spectrophotometer at a wave length of 530 mu. 

Preparation of Semmes to Bveluate the Turbidity Methed, ‘To evaluate 
the turbidity method a series of samples were processed to produce varying 
degrees of deterioration, in the following manner, Five sanples of sound 
vhost of the 1954 Kansas crop were selected, These samples are referred to 
ag C-2, C-, C-6, C- and C~10, ( MATERIALS, p.9) were conditioned to 22 
percent moisture content and heated in an air oven at , The moisture 
content was determined sfter tempering, Samples vere withdraw at 24-hour 
intervals to follow the changes related to the browning reaction in wheat, 

The results of moisture determinations on the five samples wre the 
following: 


Sermle Cu? 035 0-5 C9 C20 
Fercent Moisture A. 8 A. 5 A. 2 A. 0 A. 9 
The changes in peptisable protein with heating time for the five C- 
orie are shown in Tatle 6. There was only a slight variation in turbidity 
(percent trans=ittancy) among the unheated wheats of the five C- series with- 
drawn just before these samples were subjected to provessing at 65°C, The 
percent transmittancy increased markedly with heating time, indicating almost 
linear losses in protein solubility with heating time up te 72 hours, After 
this a leveling off ig observed, There appeared to be a slight variation in 
the rate at which insolubilisation occurred for the five G- series, Closer 
examination of Table 6 reveals that this variation ws most apparent betwoen 
24 hours and 48 houre of heating time, This difference in the rate of ine 
golubilisation my be a reflection of varlotel or other differences in those 

vheat samples, 


Table 6. © in Protein with Hea Time as Measured by the 
uty wee ting as by 


Sample Percent Transl ttanoy 
2 16.0 4406 7. 56.9 90.9 92.0 
3 13.1 4.2 79.3 86,2 91.6 N. 2 
Cub 14.9 3345 64.7 86.3 88.2 90.3 
Cu 14.8 3742 69.5 88,3 . 93.0 
C10 14.2 33.0 G. 2 86.5 N. 9 90.6 
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A comparison of the rate of ingolubilisation with the development of 
fluorescence in the same samples is shown in the data of Fig, 1, which are 
results for sample series C-2, Figure 1 shows that for every increase in 
fluorescence there was « corresponding, more extensive change in percent 
trangai tiancy. 

Since the turbidity method appeared to be a very sensitive index of 
the early changes during processing at elevated temperatures and moistures, 
an experinent, similar to the previous one wae set up, wherein sand es vere 
withdrawn for analyses of fluorescence and turbidity after intervals of 1, 2, 
4, 6, d and 10 hours processing time, The same conditions of moisture, 22 
percent, temperature 65° and variety, G-2, wore maintained, Figure 2 illustrates 
the results obtained, Increases in percent Tranenittancy after only one hour 
denote immediate loss in protein solubility under euch conditions, The 
fluorescence, howsver, did not change in this time interval, Referring back 
to Fig, 1, it will be seen that by 24 houre however, the first increase in 
fluoressence was evident. 


„anne ©: PeOUs VON) LOFT 0. E G OF neat OF Oi 
Protein Solubility. An experiment wae conducted to detdrmine the first 
appearance of a decrease in protein peptizability under different conditions 
of moisture and temperature, For this purpose sanples of the G- variety 
were conditioned to moisture levels of 20, 16, and 14 percent were used as 
well as a sample at the original moisture of 8. percent for heating at 
different tenperatures, Tho samples at four different moisture contents 
were divided inte three fractions and processed in an air oven at 50%, 6g, 
and 100%, Samples vere withdrawn at varying time intervals for turbidity 
determinations, as recorded in Tue 7, The data in Table 7 indicate that 
there was no decrease in protein solubility in the samples at all moisture 
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levels stored at 50° for the duration of the processing tine of 24 hours, 
At 65°, logses in solubility began to be apparent by two hours in samples 
conditioned to moisture contents of 14 percent and above, These changes 
vonne more marked af tar aix hours and 24 hours, At 100% there was a vory 
marked decrease in protein solubility of the sample containing 20 percent 
noisture after only one-half hour, Significant decreases had cocurred at a1 
noistare levels after two hours at 1000. im interesting observation was 
that, whereas no changes at all appeared in the samples processed at 50 
throughout the duration of the experiment (24 hours), the samples processed 
at 65° began to show a decrease in poptisabile protein already after two hours, 

This data sucgests that there might be a critical température above 
which insolubilisation proceeds at a greatly accelerated rate, 


Table 7. Protein Ingolubiligzation in Wheat Due to Processing at Various 
Temperature and Moisture Contents, 


0.5 15.5 17.0 17,0 27.3 
2 19,2 50,1 91.5 
6 32,0 N. 2 N. 3 2 


In considering the use of adaortonts for a more sensitive fluorometric 
determination of “sick” wheat damage, four or five adsorbents were found which 
completely removed the browning reaction products, The following were objectives 
for improving the application of fluoremetry to the determination of "sick" 
wheat damage: (a) Increase the sensitivity to incipient deterioration, which 
has not been possible previously due to a strong natural background fluo~ 
rescence of aqueous extracts of wheat and wheat products, (b) Broaden the 
range of fluorescence between varying degrees progressive browming, Those 
adsorbents which completely removed the brovning reaction products were found 
to also affect the compounds constituting the natural background fluoreecence 
of wheat to a greater or leas extent, The braming reaction involves a 
mmber of complex processes resulting in a varlety of reaction products, 

For reasons erumrated, it became increasingly apparent in the course of this 
work that the probability of finding one adsorbent which would quantitatively 
Temove only those products developed as a result of the browing reaction, 
was very ann. Furthermore, it did not soem likely that selective removal 
of the background fluorescence would broaden the range of fluorescence readings 
between varying degrees of demgo, At best, the detection of incipient stazes 
of deterioration, would be more accurate, Tt was found that under the pam 
tloular set of conditions used in this study adsorbents would not serve as an 
aid in inereasing the sensitivity of the fluorometric method, The increase 
in adsorption was proportional to browning tut not selective for the brow 
substances produced through exposure to elevated texperatures and noistures, 

The other possibility, that of removing the natural background fluorescence 

of wheat and vheat products without affecting the browning produeta, had long 
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been abandoned since, invariably, the browning products had been found to 
become mich more firmly adsorbed, 

Browned gorm and germ<damaged wheat were produced in the laboratory 
under varying conditions of temperature and moisture, Coincident with the 
inereases in fluorescence—-characteristic of progressive brow ing-—-there 
ecourred striking decreases in peptisable protein, Por every increase in 
fluorescence, a correspondingly more extensive loss in protein solubility 
appeared; insolubiligation preceded change in fluorescence, To follow the — 
changes in peptizable protein a turbidity method we developed, By this 
method it we found that the differences in protein solubility among five 
wheats of different varieties and/or onvironments were of small magnitude, 
This is in agreement with the data of Mangels, (20) who deternined protein 
peptized by norml solutions of potassium sulphate, magnesium chloride, 
potassium bromide and 70 percent aleohol on a series of experimentally ed 
flours and observed that neither varietal, nor environmental variations in 
peptinability vere of a large magnitude, A variation in tho rate of in- 
solubilization was observed, however, when samples of the five vhoats were 
processed under adverse temperature ard moisture conditions, A decrease in 
protein solubility has for many years been regarded as a necessary accompani~ 
nent of and a sufficient criterion of denaturation (Neurath, et al 24), The 
differences dbeerved may be a reflection of varietal or other differences in 
suseptibility to protein denaturation among these five weates. 

Good evidence has been presented to conclude that heat and moisture 
alone brought about protein denaturation and the fluorescence increases 
characteristic of the browning reaction in wheat, The correlation betwen 
protein denaturative changes and inereases in fluorescente, allow some specue 
lations as to the manner in vhich heat and moisture induce the browing 
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reaction in wheat and why this resection is confined essentially to the gom 
end of the kernel, 

Proteins such as the albmins and globulins are compact, almost globular 
structures as they occur in nature, The molecules are chainlike but are 
normally held in a coiled configuration by interaction of numerais intra- 
molecular bonds. Opportunity for intefaetion 1 tine minimal (Senti, ot al, ). 
Protein denaturatdcn 40 accompanied hy an increased resetivity of conatituant 
groups (24, 25) and by increases suaceptibility to enaymatie hydrolysis, It 
has been sugrested that denaturing agents act by rupturing the intramolecular 
bonds which maintain the folded structure; especially the hydrogen bonds 
between the carboxyl oxygens and the amide ty irogens of the peptide bonds 
(Kousmonn, 19). This results in « fibriller or fibrous structure with mmerous 
reactive groups, These fibrillar protein enter into polyssecharide formation 
much more readily then the glotmler proteins (27), While denaturation cecurs 
at any temperature, the rate is greatly increased as the temperature rises, 
In the absones of water the process of denaturation is greatly inhibited, 
Vater 10 apparently necessary for the mobility of the chains in their structural 
rearrangenent (19), 

The brow products, resulting from interraction between amino groups ani 
reducing sugars appear primarily in the germ rathor than the endosperm 
probstily for the following reasons, 

(1) No significant amounts of simple, reducing sugars ere normally present 
in the endosperm or the bren portion, Such sugara would only apronr due to 
amylase action or other type of starch degradation, Therefore, even if protein 
Genaturation should proceed in the endosperm or the bran, browning would not 
cecur due to the unavailability of renetive sugars in those tissues, 
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(2) The gem contains approximately 25 percent of simple sugars, sucrose 
(which could yield reducing sugars by hydrlyain) and raff ine (Bailey, 4). 
(3) The heat-coagulable proteins, globulin and the altumin leucosin, 
constitute the greater part of the germ protein (26), Glotulins and albumina 

are practically non-existant in the enilogperm, 

The effect of heat and soisture in inducing the browing reaction in 
wheat may involve one or several of the following steps: 

The denatured proteins react readily with sugars in the gern: 

Hydrolysis of sucrose, yielding increased anounta of reducing sugara; 

Modifications in the sugars caused by the presence of "free" amino groups; 

The observation of some variation in the rate of protein insolubiliszation 
among five different wheat sazples suggests that different wheats, although 
all perfectly sound, may show variable susceptibility to germ-~damage when 
stored under identical conditions, Further stuly of this possibility 4s 
nocogaary. 
SWA 


A study was carried out of the utility of adsorbents to separate the 
flnoresecnce which appears in the wheat embryd with the deterioration comonly 
knovn as “gick" wheat from the natural fluorescence characteristic of the 
balance of the kernel, Investigation ws also made of a turbidity method to 
detect carly changes in wheat related to the "sick" wheat condition, The 
following results wre obtained: 

(1) Of about 19 adsorbents investigated, four or five completely removed 
the products associated with "sick" wheat deterioration, as measured by 
fluorometry. 
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(2) Hone of theso adsortents wore selective for the bromming reaction 
products, since the substances constituting the background Slucrescence vere 
alse affected to som extent, 

(3) Browmed gorm and gorm~lamaged wheat could be produced in the 
laboratory by processing at elevated molstum contents and temperatures for 
various lengths of tine, 

(4) Progressive browning was associated with extensive increases in 
péreont transsittency due to protein insolubil ization, 

(5) Losses in peptizable protein preceded measurable inereases in 
fluorescence. 

(6) Differences in peptigable protein among five untreated sound wheat 
aanples wore very slight. There appeared to be a variation in the rate of 
insolubilisation when the samples were heat-treated at clevated moisture 
content. 

(7) Decreases in peptizable protein were cbsorved in as little as two 
hours, vhen intect kernels conditioned to various moisture levels vere heated 
at 65%, Mo changes were observable even after 24 hours when intact kernels 
of the same variety and at identical moisture levels, vere heated at 50%, 
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A type of damage occurring in wheat stored at high levels of moisture 
and temperature has been known in the trade as "sick" wheat. ‘Tho affected 
kernels take on a dull appearance and the gorms exhibit various degrees of 
Gisecloration fron light brown to Mack. The formation of "sick" went is 
associated with the production in germ of wheat of mibsatances which are 
strongly fluorescent, apparently produced by a Maillard or browing reaction, 
Based on the increased fluorescence of aqueous extracts of "sick" vheat to 
values above that for sound wheat, a fluorometric technique had been developed 
to furnish an objective evaluation of the degree of "sick" wheat damage, 
Since there are also naturally flucrescing substances in wheat, which inter~ 
fore vith the maasurerent of the fluorescence increase associated with gern 
damage, the fluorometric technique was not sufficiently sensitive to detect 
deterioration in its critics] initial stages, 

The purpose of the present research was to develop a more sensitive 
method of detecting the degree of damage in a sample of sick“ vheat, 
partioularly in its initial stages, 7 

fn investigation of the uso of adsorbents to separate the products of 
deterioration associated with the browning of wheat germ from naturally 
fluorescing substances in vheat, and thus inerease the sensitivity of the 
fluorometric technique, resulted in the finding of four to five adsorbents 
which completely removed the browning reaction products, However, adsorption 
was not selective; the natural constituents of wheat were aleo affected to a 
more or less extent, 

Browned germ and gern-damaged wat were produced in the laboratory by 
conditioning fresh granvler germ and intact wheat kernels to elevated moisture 
contente (up to 22 percent) and heating the grain at temporatures from 50% 


to 100% for varying lengths of time, Several series repreaonting progressive 
browming under controlled conditions were thus obtained, 

Progressive browning was characterised by marked changes in peptisable 
protein in addition to the increases in flucreseenes, 

A mothod vas developed to follow these changen, based on the decreasing 
Gispersibility by dilute salt solutions (5 pereent potassium sulphate aclution ) 
of proteins of wheat subjected to elevated temperatures, The change in protein 
Giapersibility ws determined by measurement of the turbidity of extracts 
brought to pl 3.4, as indicated by reading the percent trenanittancy at a wave 
length of 530 m. 

The losses in peptizeble protein, indicated by inereases in percent 
tranaittancy due to protein ingolubilisation, precede! measurable increases 
in fluorescence and vere in 811 instances more extensive than the inersases in 
fluorescence, 

The neasurenent of protein insclubilisation uus found to be a nost 
sensitive index for following the initial changes associated with gor 
deterioration in vheat which was browed in the laboratory. This method 
may become a valuable aid for detecting incipient deterioration in comercial 
“sick” vheat or in predicting guscoptibility to gern deterioration, 
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